Endogenous retroviruses and retroviral elements (HERVs) form a substantial part of the human genome (Leib-Mö sch and Seifarth, Virus Genes 11: 133, 1996; Patience et al, Trends Genet Sci 13: 116, 1997) . Phylogenetic studies indicate that most HERVs arose in early primate evolution. They are thought to have entered the germ line of their host through retroviral infection and since then have been transmitted vertically and dispersed throughout the genome by intracellular retrotransposition. Today, HERVs represent a reservoir of possibly pathogenic retroviral genes that may be activated spontaneously or by environmental conditions. Once activated, HERVs could act as insertion mutagens and modify the expression of adjacent cellular genes. Beside proviral structures the human genome also harbors a large number of solitary LTRs containing the regulatory elements required for gene expression. To date, a number of reports have documented chimeric transcripts in human cells that are initiated or polyadenylated by HERV LTRs. Some of these transcripts which have been isolated from human tumor cells could be the result
Figure 1
Strategy for detection of LTR-initiated chimeric transcripts.
of de novo insertions. In most cases, the insertion events occurred some millions of years ago during primate evolution and have been genetically fixed as a result of positive selection.
To investigate the LTR-initiated transcription of cellular genes we developed a reverse transcriptase (RT)-PCR based assay using an LTR-specific primer derived from the U5 region of HERVs in combination with either an oligo-dT primer, degenerate primers or short arbitrary primers ( Figure 1 ). The advantage of this approach is that chimeric sequences possibly promoted by a HERV LTR or expressed as a read-through transcript from a HERV provirus can be directly amplified from cellular RNAs and the cell type specificity of their expression can be simultaneously compared in various tissues and cell lines. In a first approach we used the human breast cancer cell line T47D which has previously been shown to express various B-and C-type retrovirus-related HERV sequences and to release retrovirus-like particles (Seifarth et al, J Virol 69: 6408, 1995; Patience et al, J Virol 70: 2654 , 1996 . Nested
Figure 2
Chimeric transcripts isolated from the human breast cancer cell line T47D.
U5-LTR-specific primers were designed according to conserved sequences within the U5-LTR region of HERV-K, a HERV family that comprises about 50 full-length proviruses and 10 000 to 20 000 solitary LTRs in the human genome (Ono, J Virol 58: 937, 1986; Leib-Mö sch et al, Genomics 18: 261, 1992). We obtained a number of amplification products varying from 200 bp to 1800 bp in length (Figure 2 ). Sequence analysis revealed that nine of the amplified and cloned RT-PCR fragments consist of the U5 region of a HERV-K-related LTR followed by non-retroviral sequences (Figure 2 ). Five clones (2G1, 6G2, 3C15) contain an Alu element, one (1A8) a (CA) n repeat. The remaining non-retroviral sequences showed no significant homology to any sequences in the GenBank and EMBL database.
Another RT-PCR fragment, clone 3A4, that was amplified by a HERV-K LTR-specific primer and a degenerate primer is shown in Figure 3 . This clone is about 1000 bp in length and contains the U5 region of a HERV-K-related LTR immediately followed by a short stretch of a LINE-1 sequence and 458 bp of a not yet identified sequence. The 3′ end of the 3A4 clone contains part of the coding region of the human EPS8 gene (human epidermal growth factor receptor kinase substrate). The LINE-1 sequence as well as the EPS8 coding region are in opposite orientation relating to the HERV-K LTR. The normal
Figure 3
Chimeric cDNA from T47D cells representing an aberrant transcript of the human EPS8 gene. Arrows indicate the orientation of the EPS8 coding region and LINE-1 sequences in relation to the HERV-K LTR.
human EPS8 gene encodes a 3.8 kb mRNA transcript with an ORF of 2466 nt encoding a 97 kDa protein (Wong et al, Oncogene 9: 3057, 1994) . EPS8 is normally expressed in epithelial cells and fibroblasts and in some hematopoietic cell lines (U937, KG1). The gene product binds to the human growth factor receptor (EGFR) and enhances EGFR-mediated mitogenic signaling in NIH3T3 cells (Fazioli et al, EMBO J 12: 3799, 1993) .
PCR with genomic DNA using various primers derived from (1) the EPS8 coding sequence of clone 3A4; (2) the unknown cellular sequence that separates the EPS8 coding sequence from the HERVK LTR/LINE-1 structure; and (3) primers derived from EPS8 coding sequences not contained in clone 3A4 revealed a very complex exon-intron structure of the EPS8 gene (data not shown). An approximately 1 kb intron was detected upstream of the EPS8 coding sequence in clone 3A4 and a very large intron downstream which might contain the HERK LTR/LINE-1 sequences. Northern analysis using the EPS8 coding sequence of clone 3A4 revealed that the normal 3.8 kb EPS8 mRNA is not expressed in T47D cells. Instead a large transcript of about 13 kb in size was detected (data not shown). Therefore we assume that clone 3A4 is not a HERV LTR initiated or read-through transcript but has been generated by irregular splicing.
In summary, we have developed a simple RT-PCR-based technique that allows the identification and isolation of chimeric transcripts. A number of HERV-K LTR containing mRNAs have been isolated with this approach that may be initiated by HERV LTR promoters or expressed as read-through transcripts. In some cases such transcripts may arise by incorrect splicing as indicated by an aberrant EPS8 transcript in T47D cells.
